Comment
Template-directed synthesis of antimony(III) sul®des under solvothermal conditions has produced a wide variety of novel structures. The structural diversity arises from the stereochemical effect of the lone pair of electrons associated with Sb III , together with the potential for antimony to exhibit coordination numbers that range from 3 to 6. The primary building units in solvothermally synthesized antimony sul®des are [SbS 3 ] 3À trigonal pyramids. These may be connected through corner-or edge-sharing to create larger secondary building units, including a variety of Sb x S x hetero-rings and [Sb 3 S 6 ] 3À semicubes. Condensation of these building units can form chain, layered and three-dimensional antimony±sul®de structures, such as [Fe(C 2 , respectively. The synthesis of these materials is generally performed using organic amines as structure-directing agents. The amines used to date have been principally linear and branched long-chain aliphatic amines and polyamines and alicyclic amines, such as ethylenediamine (Tan et al., 1994) , tris(2-aminoethyl)amine (Vaqueiro, Darlow et al., 2004) and piperazine (Parise & Ko, 1992) . The organic species is generally protonated in order to balance the negative charge of the anionic antimony±sul®de framework. Recently, we demonstrated that the macrocyclic amine cyclam can act as a structure-directing agent for solvothermally synthesized antimony sul®des (Powell et al., 2006) . We prepared (C 10 (Fig. 2) . The anionic antimony±sul®de layers lie parallel to the bc crystallographic plane and are stacked directly above one another along [100], separated by chargebalancing diprotonated macrocyclic cations (Fig. 3) (Nave & Truter, 1974) . The distance across the cyclam ring is 3.785 (6) A Ê for N1Á Á ÁN1 iv and 4.161 (6) A Ê for N2Á Á ÁN2 iv (Fig. 1) . The shortest distance between the macrocyclic cation and the antimony±sul®de framework is 3.351 (4) A Ê (N2 i Á Á ÁS2), which is short enough to allow hydrogen bonding between the macrocycle and the antimony±sul®de framework. restraints were applied between the two disordered threads and Hirsh®eld restraints applied to the U ij values along the bonds. Cbound H atoms were positioned geometrically [CÐH = 0.97 (1) A Ê and U iso (H) = 1.2U eq (C)] and allowed to ride on the carrier atoms. The three H atoms attached to N1 and N2, which are required for charge balancing the antimony±sul®de framework, were not included in the re®nement. The largest residual peak in the ®nal Fourier map was located 0.506 A Ê from C31 and the largest electron density trough was located 0.883 A Ê from Sb2. The position of the beam stop precluded proper measurement of the omitted re¯ections.
Data collection: APEX2 (Bruker, 2005) ; cell re®nement: APEX2; data reduction: APEX2; program(s) used to solve structure: SIR92 (Altomare et al., 1994 ); program(s) used to re®ne structure: CRYS-TALS (Betteridge et al., 2003) ; molecular graphics: ATOMS (Dowty, 2000) ; software used to prepare material for publication: CRYS-TALS.
